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Abstract 
 
Evaluation of Five Electronic Apex Locators Accuracy in Determining the 
Major Foramen and Reliability of Indication of the Apical Constriction: an in 
vitro study 
 
Emma Hunter, D.D.S. 
 
AIM: 
 
The purpose of this study was to compare the diagnostic accuracy of five different electronic 
apex locators (EAL), including the Root ZX II, Endo-EZE FIND, APEX ID, ProMark, and 
Parkell Formatron.  The evaluation of the EALs were two-fold.  One objective was to evaluate 
the ability of each EAL to detect the major foramen, and the second objective was to evaluate the 
reliability of each EAL indication of the apical constriction.   
Materials and Methods: 
A total of 100 single-canal extracted human teeth were decoronated and checked for patency.  
Fifty teeth were evaluated by each electronic apex locator to determine their accuracy for 
locating the major foramen.  The teeth were embedded in alginate.  A #15 K-file was advanced 
in each canal until the major foramen indicator was reached on their screen.  The remaining 50 
teeth were randomly assigned to five groups (n=10).  Each group was assessed by a single EAL.  
A #15 K-file was advanced until the major foramen was reached and then retreated slowly until 
the apical constriction indicator was achieved on the EAL’s screen.  The file was then cemented 
in place, with the apical 5 mm of the tooth sectioned longitudinally until the file was exposed.  
The distance from the file tip to the major foramen was measured. 
Results: 
Statistical results showed a significant difference between the five EALs in their ability to 
accurately identify the major foramen, as found by a repeated-measures ANOVA (p<0.0001).  A 
Tukey’s Standardized Range Test found the Apex ID and Root ZX II to have significantly lower 
mean measurements (mm) from the file tip at the major foramen indicator to the major foramen.  
However, when analyzing the distances (mm) from the file tip to the “apical constriction” 
indicator to the major foramen, there was no significant difference found between the respective 
EAL groups, as determined by Kruskal-Wallis test. 
 
 
  
Conclusions: 
The Apex ID and Root ZX II were more accurate in their location of the major foramen.  All five 
EALs preformed within the same level of consistency in their indication of an apical 
constriction.  The Apex ID location of the apical constriction resulted in no overextension of the 
file tip beyond the major foramen. 
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List of Symbols, Abbreviation, or Nomenclature 
Root Canal System – RCS – the space containing the dental pulp inside the crown and root of a 
tooth 
Working length – WL – the distance from a coronal reference point to the point at which canal 
preparation and obturation should terminate 
Apical Constriction – AC – the apical portion of the root canal having the narrowest diameter; 
position may vary but is usually 0.5 – 1.0 mm short of the center of the major foramen 
Electronic Apex Locator – EAL – an electronic instrument used to assist in determining the 
root canal working length or perforation; operates on the principles of resistance, frequency or 
impedance 
Major Foramen – MF – the main apical opening of the root canal 
Cementodentinal Junction – CDJ - the region at which the dentin and cementum are united; 
commonly used to denote the point at which the cemental surface terminates at or near the 
apex of a tooth; histological landmark, and can range 0.5 – 3.0 mm short of anatomic apex 
Root Canal Therapy – RCT – sequence of treatment for the infected pulp of a tooth which 
results in the elimination of infection and the protection of the decontaminated tooth from future 
microbial invasion 
Anatomical Apex – the tip or end of the root as determined morphologically 
Radiographic Apex – the tip or end of the root as determined radiographically; its location can 
vary from the anatomic apex due to root morphology and distribution of the radiographic image 
Control length – the length of the RCS in mm as determined by measurement from a coronal 
reference point to the point at which a #15 k file is just visible under a dental operating 
microscope with 0.5 mm subtracted 
  xi 
Physiological length (EAL) – PL – the length of the RCS in mm as determined by measurement 
from a coronal reference point to the point at which a #15 k file reaches the MF as indicated by 
the indicator screen of an EAL 
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Chapter 1 
 
Introduction 
 
The prevailing factor that influences root canal therapy success or failure is eradication of 
microorganisms to the greatest extent possible within the root canal system (RCS).  Determining 
an accurate working length (WL), is an essential step in the process of root canal debridement.   
Working length, measured in millimeters, is a reproducible measurement from a coronal 
reference point where apical cleaning, shaping, and obturation should end.1  An accurate working 
length ensures maintenance of the root canal system’s integrity and proper disinfection and 
obturation.2   
It has been proposed that the working length should conclude at the apical constriction 
(AC).3  The American Association of Endodontists Glossary of Endodontic Terms describes this 
as the “apical portion of the root canal having the narrowest diameter; position may vary but is 
usually 0.5mm-1.0mm short of the center of the apical foramen”.1  This anatomical area has been 
stated to provide the best opportunity for periapical healing, as it minimizes the infringement 
upon the periapical tissues.  A working length in excess of the apical constriction can lead to 
overextension of obturation materials and potentially increased post-operative pain or delayed 
healing.  A working length short of the apical constriction can contribute to persistent infection 
due to remaining microorganisms in an inadequately cleaned and shaped RCS.4   However, as 
found by Dummer et al, many RCS do not have a distinct AC but this anatomical landmark may 
be more conceptual than a tangible position.5  Previous emphasis and research assumptions of 
the AC as a set point may be clinically irrelevant, while emphasizing remaining within the RCS 
as a basis for clinical evaluation, may be indicated.6 
  2 
Working length determination has traditionally been determined through radiographic 
determination, and/or with electronic apex locators (EAL).  With the introduction of the use of 
EALs beginning in 1962 with Sunada’s research on the electrical resistance between the oral 
mucosa and the RCS, the historical practice of working length determination by only 
radiographic means has become increasing rudimentary.7  Electronic apex locators have been 
shown to be more accurate than radiography at determining the working length.8 
The purpose of this study was to compare the ability of five EALs to accurately 
determine the major foramen (MF) and the reliability of each EAL’s indication of the AC, within 
an anatomical area coronal to the MF. 
 
Statement of the Problem 
Do the five electronic apex locators accurately determine the major foramen and apical 
constriction?  The electronic apex locators studied were the Apex ID (Kerr Dental Co, Orange, 
CA), Endo-Eze FIND (Ultradent Products Inc, South Jordan, UT), Foramatron (Parkell Inc, 
Edgewood, NY), ProMARK (Dentsply, York, PA), and Root ZX II (J Morita CO, Tokyo, Japan).    
  
Significance of the Problem 
This study will provide an in vitro comparison of some of the currently most widely used 
EALs.  This will give a basis for each individual EAL’s ability to locate the major foramen and 
the reliability of each EAL location of the apical constriction as designated by the indicator 
screen.  
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Null Hypothesis 
There is no statistically significant difference between the Apex ID, Endo-Eze FIND, 
Foramatron, ProMARK, and Root ZX II ability to locate the major foramen and ability to 
reliably depict the apical constriction, as determined by the indicator screen and confirmed under 
microscopic evaluation.    
Assumptions 
1. Obturation should be contained within the root canal system. 
2.  The apical constriction should be used for working length termination. 
3. Alginate provides an acceptable medium for determination of working length in vitro. 
4. Microscopic evaluation of physiological length is an accurate way to determine the 
physiological length. 
5. Sectioning the apical 5mm with a diamond bur to uncover the file allows for accurate 
measurements from the file tip to the major foramen. 
Limitations 
1. This is an in vitro study of a clinical procedure; therefore, the results may not correlate to 
an in vivo condition. 
2. Apical anatomical variations will exist between the teeth. 
3. Small sample size. 
Delimitations 
1. Selected teeth were limited to single straight canals. 
2. Only roots that exhibited completely formed apices, no signs of resorption, and were 
patent with a 08 size K-type file were included in the study. 
  4 
3. Evaluation of the major foramen utilized the dental operating microscope using 12.8 x 
magnification (Global Surgical Corp, St. Louis, MO). 
4. Teeth were decoronated and reliable stops were made. 
5. All measurements were performed by the principal investigator.  
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Chapter 2 
Review of the Literature 
The apical third of the RCS is the most highly studied area.  Kuttler in 1955 identified an 
area of smaller diameter, the apical constriction, which he found to be on average 0.59 mm from 
the MF, with variations depending on the maturation or age of the tooth.9  Dummer in 1984, 
found the AC to be on average 0.89 mm away from the anatomical apex, and classified four 
different types of apical constrictions.5  More recent analysis have been performed with micro-
CT.  An analysis of palatal canals of first maxillary molars found it was difficult to identify the 
constriction, and was identified in only 38% of the time.10 ElAyouti found that the majority of 
AC were parallel, or had a similar diameter for greater than 2.5mm.  He also found that the mean 
distance from the AC to the MF was 0.2mm.11 
Historically, the apical limit of root canal cleaning and shaping and obturation has been 
greatly contested.  Many authors have expounded further on this research and developed 
guidelines as to the apical limit of RCT based off Kuttler’s findings.  Weine indicated that the 
point of termination should be the apical constriction, which he believed to correspond to the 
location of the cementodentinal junction (CDJ).12  The CDJ is the region at which the dentin and 
cementum are united; commonly used to denote the point at which the cemental surface 
terminates at or near the apex of the tooth.1  He advocated a location 1 mm coronal to the 
radiographic apex as an acceptable point for canal preparation to end.12 
Like Weine, Ingle also stated that the apical constriction was located at the CDJ, but that 
this point was located approximately 0.5 mm coronal to the radiographic apex.  Obturation to the 
radiographic apex was considered to actually be an over-extension.4  
  6 
The term “apical stop” was introduced by Frank et al. as the apical limit of the 
instrumentation, which should be located 0.5 mm to 1.0 mm from the apex.  This stop would 
prevent material from extruding out the canal.  All of the previously mentioned authors did not 
place much importance on accessory canals, but focused on the main canal as the source of 
infection and bacteria.4  Langeland showed histologically that the pulp within these lateral canals 
can remain vital, even when there is a radiolucency.13, 14  He also found that the CDJ could be 
highly variable and was a histopathologic location that could be located up to 3.0 mm higher on 
one side of the RCS than the other.  This position did also not coincide with the AC. He 
advocated termination of RCT at the apical constriction regardless of the pulp status.13   
Figure 1: Schematic representation of apical anatomy 
 
 
Anatomical apex 
Major Foramen 
Apical Constriction 
CDJ 
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Schilder felt that it was important to debride and fill the entire root canal length.  He 
advocated ending instrumentation and obturation at the radiographic apex.  His instrumentation 
process involved instrumenting into the periodontal ligament and beyond the confines of the 
apical construction.15  Despite Schilder’s rationale for extending the RCT beyond the apical 
constriction, the majority of authors have agreed that the best anatomical location to end 
instrumentation and obturation is at the apical constriction.4 
In Ricucci and Langeland’s histopathological analysis of apical pulp tissue, they found 
that instrumentation and obturation to the AC, provided the best histological prognosis for root 
canal therapy (RCT).3  Over-instrumentation and overextension of obturation materials has been 
associated with a decrease in the overall success rate and a delay in periapical healing. 16, 3  
However, WL short of the AC may lead to inadequate debridement of the RCS.  Sjogren found 
that teeth with under extended obturation by greater than two millimeters had lower success rates 
than teeth with over extended fillings, which in turn, had lower success than teeth with root fills 
at 0 to 2 mm from radiographic apex. 17 
Current methodology for locating the apical constriction include radiographic 
examination and the use of electronic apex locators.  Neither method is devoid of error, however, 
several authors have found EALs to be more accurate than radiographic methods.   Microscopic 
studies have shown that the AC is located 0.5mm – 0.75mm coronal to the MF, which in turn is 
located about 0.5 mm coronal to the anatomical apex.  Consequently, radiographic examination 
for working length is generally based off the estimate of 0.5 – 1.0 mm short of the radiographic 
apex. 20, 9 The major foramen has been shown to be some distance from the radiographic apex, 
even located up to 3.5 mm away. 21 In a clinical situation as this, radiographic determination can 
lead to overextension, depending on the angulation of the film and the location of the major 
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foramen.  However, an estimation of the apical constriction being 1.0 mm short of the 
radiographic apex has also been shown to result in under-instrumentation. 22 Thus a WL 
determined only through radiographic means may lead to instrumentation and obturation beyond 
the AC, which may increase postoperative pain and delay healing or lead to incomplete cleaning 
and shaping of the RCS with a short WL. 23 
 Vieyra compared two EALs to radiology and found that both the Root XZ and Elements 
Diagnostic apex locators measurements of the AC were within 0.5 mm of the AC 100% of the 
time; whereas, radiographic methods were within this range only 15% of the time.24 
Baumgartner also found that when a file was positioned either short or at the radiographic apex it 
was past the apical constriction 68% of the time.25  Collectively, authors have found EALs to 
have an accuracy between 43.9% and 89.1% efficiency at locating the apical constriction as 
compared to radiographic means which have been found to have between 14.6% and 32.72% 
histologically. 26  These discrepancies occur as radiographic means are subject to distortion and 
magnification error.  Voorde and Bjorndahl found there to be a 5.4% magnification error when 
using a paralleling technique. 18  Williams et al mentioned that two trends should be considered 
when radiographic working length is determined.  When a file is long radiographically, it is 
actually longer than it appears by an average of 1.2 mm.  Whereas, when a file is short 
radiographically, it is closer to the MF than it appears by an average of 0.46 mm.  This can occur 
as radiographic means of WL determination cannot give an indication of an apical constriction 
that is located well short of the anatomical apex. 19   Radiographic determination is solely based 
on a visual estimation of a 2-D image of a 3-D object, which has great anatomical variations. 
With the inherent limitations of radiographic determination of working length 
exclusively, many clinicians use electronic apex locators as their primary method of determining 
  9 
working length.  Custer in 1918 first examined an electronic method for locating the apical 
foramen. 27  Later in 1942, Suzuki examined the flow of direct electrical current through the oral 
mucosa and dentition in dogs.  He found consistent values for electrical resistance when an 
instrument was placed within the RCS and an electrode on the dog’s oral mucosa.28  Sunada 
advanced these principles further with his research in 1962.  He found that the electrical 
resistance of the human mucous membrane and the periodontium was 6.0 kilo ohms, irrespective 
of differences in age and tooth type.  He developed a device that used these electrical resistance 
measurements to calculate the length of the root canal, which marked the birth of modern 
EALs.29 
The basic design of apex locators is based on an electrical circuit that incorporates the 
human body.  One electrode is attached to the lip with a lip clip and the other electrode is 
attached to the end of a stainless steel endodontic file placed inside the RCS.  When the stainless 
steel file touches the periradicular tissues the resistance decreases, which is signaled differently 
according to the type of EAL employed and its specific indicator screen. 30   
The first generation apex locators were based on electrical resistance.  This measures the 
opposition an electrical current experiences as it travels through a conductor.  Some devices 
within this group were the Root Canal Meter, Endodontic Meter and Endodontic Meter S II 
(Onuki Medical Co., Tokyo, Japan), the Dentometer (Dahlin Electromedicine, Copenhagen, 
Denmark), and the Endo Radar (Electtronica Liarre, Imola, Italy).  Discrepancy was found in 
their ability to determine WL as compared to radiographic means.  Great variations were found, 
with many of their readings being well beyond or short of the apical constriction. 31 
  10 
The second generation apex locators began to use single frequency impedance 
measurements as opposed to resistance to measure location within the RCS.  Impedance 
measures the resistance of an alternating current.  This reflected a change from using direct 
currents with the first generation to the use of alternating currents, where the flow of the 
electrical charge can be reversed.  This enabled clinical canal conditions, such as moisture from 
sodium hypochlorite, to not affect the EAL reading, which was a frequent complaint with the 
first generation of apex locators. 30  Inoue developed the Sono-Explorer (Hayashi Dental Supply, 
Tokyo, Japan) in 1971, which marked the first EAL that instituted a change from direct current 
to alternating current.  The device indicated when the apex was reached by a beeping sound, 
which was uncharacteristic of the time. 32 The model Sono-Explorer Mk III switched from the 
beeping sound to using a meter to designate the distance to the apex. 33 
The Endocater further made readings in wet canals more feasible, by having a sheath 
over the probe that entered the RCS.  This would protect the probe somewhat from conductive 
fluids within the canal.34  However, the sheath was not able to enter smaller canals due to its large 
size, and was difficult to autoclave.35 Others also tried to improve EALs ability to determine WL 
within the clinical environment of conductive fluids.  Ushiyama introduced a voltage gradient 
method that “measured the current density evoked in a limited area of the canal, the maximum 
potential of which is obtained when the electrode meets a constriction”.  This method could work 
in the presence of conductive fluids but also had an electrode that could not fit in narrow canals 
and was limited by variations in the location of a constriction.30 
Third generation apex locators use impedance of multiple frequencies to determine the 
distance from the end of the canal.  These devices are able to process the mathematical 
calculations required when using multiple frequencies to give accurate readings.  The Root ZX 
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(J. Morita, Tokyo, Japan) introduced by Kobayashi was the first self-calibrating EAL.37  The 
Root ZX works by the ratio method which works “on the principle that two electric currents with 
different sine wave frequencies will have measurable impedances that can be measured and 
compared as a ratio regardless of the type of electrolyte in the canal.”  The ratio of the 
impedances reduces rapidly as the apical constriction is reached.  Kobayashi and Suda showed 
that the ratio of different frequencies have definitive values, and that the ratio rate of change did 
not change with different electrolytes in the canal.  The change in ratio at the apical constriction 
is the basis for the operation of the Root ZX and its reported accuracy”.38  The Root ZX has 
become the standard by which other apex locators where compared against.  Other third 
generation EALs used where the Apex Finder AFA (EIE Analytic Endodontics), the Neosono 
Ultima EZ (Satelec Inc. Mount Laurel, NJ), the Justwo of Justy II (Yoshida Co., Tokyo, Japan), 
the Mark V Plus (Moyco/Union Broach, Bethpage, NY), and the Endy 5000 (Loser, Leverkusen, 
Germany).  The Root ZX however, continued to have the majority of the market share.  These 
apex locators are reported to continue to have inaccuracies with fluids in the canal.30 
Fourth generation apex locators, take the resistance measurements and compares them 
with a database of the electrical characteristics of the canal to determine the distance to the apex 
of the root canal.  These devices are reported to perform better by several percent in the presence 
of blood and exudate.39  Efforts have been continuously directed at improving apex locators, with 
fifth and sixth generation EALs on the market today.40 
The Root ZX II was invented in 1992 and according to manufacturer claims was the first 
unit with the ability to work in wet canals, not affected by electrolytic fluids or the presence of 
blood.41 All five EALs claim to work in a variety of RCS environments.41, 42, 43, 44, 45  The Apex 
ID works through dual frequencies impedance.42 The Endo-EZE FIND uses “multi-frequency-
  12 
dependent impedance method and proprietary algorithms to determine the position of the apical 
foramen.”43 The Foramatron Apex Locator uses “high and low frequency bands to accurately 
pinpoint the apical constriction”.44 The ProMARK EAL works through a multi-frequency 
impedance method and has been shown to be accurate with a variety of irrigation solutions.45 
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Chapter 3 
Material and Methods 
Teeth Selection 
One hundred single rooted extracted teeth were evaluated under magnification (12.8x 
Global Surgical Corporation, St. Louis, MO) for evidence of defects that may affect the accuracy 
of the measurements of the EALS.  Only roots that exhibited completely formed apices, no signs 
of resorption, and were patent with a number 08 K-file (Lexicon) were included in the study. No 
preference was made regarding tooth type, length, or degree of root curvature. 
Tooth Preparation 
 The crowns were sectioned at mid-level with a diamond bur to produce a flat working 
surface for the rubber stopper when determining working length.  A #3 Gates-Glidden bur was 
used to coronally flare the root canal system.  Teeth were irrigated with 2.5% sodium 
hypochlorite. 
                      
Figure 2. Coronal sectioning of teeth 
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Part 1: Accuracy in Determining the MF 
Measurements 
 To determine the control length of fifty of the canals, a #15 K-file was introduced into the 
canal until it was just visible at the major apical foramen under the microscope (12.8 x 
magnification, Global Surgical Corporation, St. Louis, MO).  The rubber stopper was then 
stabilized and the file was withdrawn.  A calibrated digital caliper was used to measure the 
length from the file tip to the stopper to the nearest hundredth of millimeter (0.01 mm) and 0.5 
mm was subtracted from this measurement as described by Ebrahim. 47 This was determined to 
be the control length, or distance from the most incisive point to the major foramen. 
 To determine the physiological length for each specimen by EAL, the same fifty canals 
were evaluated by each of the five EAL.  The teeth were embedded in an alginate model in 
groups of ten.  A #15 k-file was placed within the canal and advanced in the canal until each 
EAL indicated the file had reached the apical foramen.  For the Root ZX (J Morita Co, Tokyo, 
Japan) this is indicated by “APEX” on the indicator screen.  For the ProMark (Dentsply, Johnson 
City, TN) this is indicated by the first red bar.  For the Endo-Eze Find (Ultradent Products, Inc, 
South Jordan, UT) this is indicated by “0.0” on the indicator screen.  For the Apex ID (Kerr 
Endodontics, Orange, CA) this is indicated by a red bar and “APEX”.  For the Formatron Apex 
Locator (Parkell, Inc., Edgewood, NY) this is indicated by a “0.0” red light.   The rubber stopper 
was then stabilized and the file was withdrawn, with the length measured to the nearest 
hundredth of millimeter (0.01mm) with a digital caliper.  This measurement indicated the PL or 
distance to the major foramen as determined by EAL.  This distance was then subtracted from 
the control length and recorded. 
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Part 2: Reliability of the Indication of the Apical Constriction 
The remaining fifty teeth were divided into five groups of ten per EAL.  They were then 
embedded by group into alginate.  A size 15 k-file was advanced until the EAL indicated it was 
past the MF, then the file was retreated until the EAL indicated that the file was at the apical 
constriction.  For the Root ZX (J Morita Co, Tokyo, Japan) this is indicated by “0.5” on the 
indicator screen.  For the ProMark (Dentsply, Johnson City, TN) this is indicated by the last 
yellow bar.  For the Endo-Eze Find (Ultradent Products, Inc., South Jordan, UT) this is indicated 
by “0.5” on the indicator screen.  For the Apex ID (Kerr Endodontics, Orange, CA) this is 
indicated by a green bar.  For the Formatron Apex Locator (Parkell, Inc., Edgewood, NY) this is 
indicated by a “0.5” yellow light.    
The file was then cemented in place (Fuji Cem 2, GC Corp, Alsip, IL) and the tooth 
removed from the alginate.  The apical 5 mm was then cautiously sectioned with a diamond bur 
and Sof-Lex discs (3M ESPE Dental Products, St Paul, MN) under magnification (12.8x), until 
the file was exposed.  Digital images were acquired under magnification and analyzed by Image 
analysis software (Image J, 1.41; NIH). The distance from the file tip to the major foramen was 
measured to the nearest hundredth mm.   
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Figure 3. Groups of 10 teeth embedded in alginate  
 
Figure 4. File cemented in place with last 5 mm sectioned with file exposed 
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 Figure 5. Measurement from file tip at designated “AC” to MF 
Apical Constriction 
Major Foramen 
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Figure 6. Apex ID indicator screen                Figure 7. Apex ID indicator screen 
indicating that the MF has been reached    indicating that the AC has been reached 
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Figure 8. Endo-Eze Find indicator screen        Figure 9. Endo-Eze Find indicator screen 
indicating that the MF has been reached        indicating that the AC has been reached 
 
       
Figure 10. Foramatron indicator screen               Figure 11. Foramatron indicator screen 
indicating that the MF has been reached                    indicating that the AC has been reached 
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Figure 12. ProMARK indicator screen indicating       Figure 13. ProMARK indicator screen  
that the MF has been reached                            indicating that the AC has been reached 
 
                  
Figure 14. Root ZX II indicator screen indicating          Figure 15. Root ZX II indicator screen  
that the MF has been reached                    indicating that the AC has been reached                
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Statistical Analysis 
Two sets of data were analyzed.  The first set of data from fifty teeth was calculated by 
subtracting the millimeter distance of the PL as determined by EAL from the control length.  A 
repeated-measures ANOVA analyzed the distance from the “APEX” indicator to the MF due to 
the repeated nature of the data.  Tukey’s Standardized Range test was employed to examine post 
hoc device difference.  The second set of data from fifty additional teeth, was the measurement 
in millimeters of the file tip at the apical constriction to the major foramen, examined per EAL 
group.  A non-parametric Kruskal-Wallis test was selected in the second analysis due to sample 
size and distributional concerns.  Samples were assessed for distributional, size, and spread 
attributes, and statistical procedures were chosen.  All statistical procedures were performed in 
SAS 9.3 (SAS Inc., Cary, NC). 
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Chapter 4 
Results 
The data showed there was a statistically significant difference in the EALs ability to 
determine the major foramen, whereas, there was no statistically significant difference in the five 
EALs ability to reliably locate an apical constriction. 
Fifty single-canaled anterior teeth were used to compare the Apex ID, Endo-EZE FIND, 
the Foramatron, ProMARK, and the Root ZX II ability to locate the MF.  A P- value of <0.0001 
was found when all fifty canals and five EALs were compared.  There was a statistically 
significant difference between the five EAL mean differences in MF determination.  The Apex 
ID and Root ZX II were more accurate than the Endo-Eze FIND, Formatron, and ProMARK in 
determining in the MF.  Table 1 shows the mean, minimum, maximum, and range of the 
difference in mm between the control length and the PL as determined by the EAL and the 
indicator marks on the display screen for the MF.  The mean difference between EAL PL 
measurements and microscopic measurements, or actual length for the five EAL (Apex ID, 
Endo-Eze FIND, Foramatron, ProMARK, and Root ZX II) was 0.136mm.  The mean length for 
Apex ID measurement averaged 0.03mm short of the microscopic PL.  The mean length for the 
Root ZX II measurement averaged 0.05mm short of the microscopic PL.  The Endo-Eze FIND, 
Foramatron and ProMARK averaged 0.19, 0.22, and 0.19 short respectively.  Figure 16 
illustrates these distributions.   Figure 16 visually shows the distribution of the PL as indicated 
per EAL. 
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(n = 50) Mean (mm) SD (mm) Min. (mm) Max. (mm) 
Range 
(mm) 
Apex ID  -0.029 0.287 0 0.73 
0.73 to        
- 0.67 
Endo-Eze FIND  -0.201 0.321 0 -0.73 
0.68 to        
- 0.84 
Foramatron -0.137 0.673 -0.01 3.88 
3.88 to        
- 0.81 
ProMARK -0.202 0.335 0.01 -0.86 
0.42 to        
- 0.86 
Root ZX II -0.056 0.318 -0.03 0.63 
0.63 to        
- 0.65 
 
Table 1. Difference (mm) per EAL between the PL and the control length.  Minimum 
measurement indicates the least amount of distance (mm) from the MF measured.  Maximum 
measurement indicates the greatest amount of distance (mm) from the MF measured.  Negative 
numbers are coronal to the MF, or within the RCS.  Positive numbers extend past the MF. 
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Table 2 shows the mean, minimum, maximum and range of the distance in mm from the 
file tip at the designated AC point by EAL and the MF.  The average distance for all five EAL 
from the file tip to the AC designation was 0.49 mm coronal to the MF.  The mean distances 
(mm) from the file tip to the designated AC point to the MF per EAL (Apex ID, Endo-Eze FIND, 
Foramatron, ProMARK, and Root ZX II) were 0.64, 0.56, 0.48, 0.12, and 0.63 coronal to the MF 
respectively.  There was no statistically significant difference with a Kruskal-Wallis analysis.  
Figure 17 illustrates these differences.  
 
  
(n = 10) Mean (mm) SD (mm) Min. (mm) Max (mm) 
Range 
(mm) 
Apex ID -0.24 1.311 0 -0.36 0 to - 0.36 
Endo-Eze FIND -0.56 0.923 0 -2.81 
0.87 to -
2.81 
Foramatron -0.48 0.413 0 -1.12 
0.16 to - 
1.12 
ProMARK -0.12 0.414 0 -0.92 
0.67 to -
0.92 
RZX II -0.63 0.623 -0.48 -2.01 
0.48 to -
2.01 
 
Table 2. Distance (mm) from the file tip to the MF.  Minimum measurement indicates the least 
amount of distance (mm) from the MF seen.  Maximum measurement indicates the greatest 
amount of distance (mm) from the MF seen.  Negative numbers are coronal to the MF, or within 
the RCS.  Positive numbers extend past the MF. 
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Table 3 illustrates the accuracy of each EAL at varying guidelines of accuracy.  The standards 
assessed were from the defined level of 0.0 mm long to 0.5 mm short, 0.0mm long to 1.0 mm 
short, 0.5mm long to 0.5mm short, 0.5mm long to 1.0mm short.  The Apex ID had 100% of its 
measurements fall into the strictest category.      
 
 
 
 
 
 
 
 
Table 3.  Percentage by EAL at different standards of accuracy, where zero indicates the file tip 
at the MF, a negative number indicates the file tip coronal to the MF, a positive number indicates 
the file tip extended past the MF. 
 
Discussion 
 The aim of this study was to assess the ability of five EAL accuracy in locating the MF 
and then their reliability in indicating an apical constriction.  The EALs evaluated were the Apex 
ID, Endo-Eze FIND, Foramatron, ProMARK, and Root ZX II.  The Root ZX II has historically 
been the gold standard to which EALs are compared too.  A statistically significant difference 
(n = 10) 
0 mm to             
-0.5 mm 
0 mm to              
- 1.0 mm 
0.5 mm to           
-0.5 mm 
0.5 mm to           
-1.0 mm 
Apex ID 100%       
Endo-Eze 
FIND 
20% 60% 40% 80% 
Foramatron 40% 80% 50% 90% 
ProMARK 50% 60% 90% 100% 
RZX II 40% 70% 50% 70% 
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was found in the Apex ID and Root ZX II abilities to locate the MF.  No statistically significant 
difference was found in the 5 EALs reliability of locating an apical constriction.   
The canals were pre-flared with Gates Glidden, as it has been shown to increase the 
accuracy of EAL. 54, 51  Several different mediums have been used for in vitro experiments, such 
as alginate, saline, gelatin, and commercially sold products.  This study used alginate as its 
consistency resists forces applied by the movement of the file and intrusion of material into the 
MF and has been shown to be an accurate method of demonstrating the use of an EAL.52  In a 
study by Chen et al to determine ideal teaching models, alginate was shown to be more accurate 
than gelatin, and saline when compared to microscopic determination of WL.53 
In this study, the Root ZX II and Apex ID were found to be more accurate than the Endo-
Eze FIND, Foramatron, and ProMARK at locating the MF.  The five EALs were evaluated by 
the mean difference in the control length minus the PL.  Variables such as apical anatomy did not 
affect the outcome as each EAL was used on each of the fifty teeth.  Each EAL range of 
measurements is listed in Table 1.  The Apex ID, Endo-Eze FIND, ProMARK and Root ZX II all 
had similar ranges: 0.73 to -0.67, 0.68 to -0.84, 0.42 to -0.86 and 0.63 to -0.65 respectively, with 
the positive number indicating an overextension and the negative number being coronal to the 
MF.  The Foramatron had a significant outlier of 3.8 mm long of the major foramen, had this 
measurement not been included it would have a range of 0.81mm long of the MF to 0.86 mm 
short of the MF.  The ProMARK was the only EAL to not have an extension greater than 0.5 mm 
long of the MF.  All others had extensions beyond 0.5 mm. 
The apical constriction has been shown to be an advantageous point to terminate 
instrumentation and obturation.  Infected pulp tissue or dentinal chips forced into the periapical 
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tissues can result in delayed healing or a foreign body reaction. 17, 55, 56 Kuttler, found the apical 
constriction to be on average 0.59 mm away from the MF. 9  A clinically acceptable EAL should 
place the WL termination within the anatomical landmarks of the AC and MF. 48  With the 
addition of greater taper nickel titanium rotary files to endodontist’s armamentarium, it is even 
more prudential for instrumentation to remain within the root canal system.  A rotary file with a 
tip size of 0.4 mm and a taper of .06 taken out 1 mm past the MF, could enlarge the AC to 0.46 
mm or even 0.64 depending on the anatomical location of the AC. 
Numerous studies have reported on the accuracy of EALs for determining the location of 
the apical constriction.  These studies have variations in the reference point from which 
measurement accuracy is evaluated, with some using the AC and some using the MF.48  Previous 
studies have also shaved the apical portion of the tooth along its long axis and then measured the 
distance from the file tip to the apical constriction to evaluate the accuracy of the apical 
constriction indicator. 49 However, in this study the major foramen was used as the reference 
point from which the file tip was measured, as it has been shown that the apical constriction is 
extremely difficult to locate in the longitudinal direction. 50 The reliability of each EAL location 
of an apical constriction within an acceptable range was evaluated.   
Some researchers have used +/- 1.0 mm as a clinically acceptable range for WL 
determination, while others use more stringent clinical guideline of +/- 0.5 mm.  Shabahang 
stated that an error tolerance of +/- 1.0 mm is clinically acceptable as not all root canals end in a 
traditional apical constriction and the wide variety of apical shapes.5, 57  
In this study, when evaluating the ability of each EAL to indicate an AC within 0 mm 
long to 1.0 mm short of the apical foramen, the APEX ID had a success rate of 100%.  The Endo-
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Eze FIND, Foramatron, ProMARK, and RZX II had rates of 60%, 80%, 60% and 70% 
respectively within this range. When evaluating 0.5 mm long to 1.0 mm short of the MF, the 
Apex ID had 100% of readings fall within this range.  The Endo-Eze FIND, Foramatron, 
ProMARK, and RZX II had 80%, 90%, 100%, and 70% respectively fall within this range.  It is 
of note that the Apex ID did not have any over extensions of the file tip outside of the RCS.  
However, there was no statistical significant difference between the mean distance between the 
file tip and MF. 
 In vitro studies have shown the Root ZX II, was found to be 90-95% accurate (+/- 0.5mm 
or +/- 1.0mm when locating the major foramen. 48  This study found 50 to 70% which is lower 
than previous studies, but this study had a small sample size of 10 teeth.   A recent study found 
the Apex ID to be 93% accurate +/- 0.5mm.58  This is in accordance with this study, which found 
the Apex ID to be 100% accurate within that range.  The Foramatron was shown to be 100% 
accurate within +/- 0.5mm in a study by Ebrahim.59 This varied greatly from our findings of 50% 
accuracy at that level.  A literature search did not result in any previous studies evaluating the 
Endo-Eze FIND or ProMARK.     
 When purchasing dental equipment, clinicians want the most cost efficient and effective 
technology available.  The devices in this study range from $615.00 to $997.35, with the most 
expensive being the ProMark and the least being the Foramatron.  Table 4 shows the cost per 
device tested.  
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Table 4: Cost per device evaluated  
Eradicating the bacteria within the root canal system, whilst maintaining the integrity of 
the root canal system is an important clinical step.  Seltzer et al showed that the success rate of 
endodontic treatment was affected by both over extension and under extension.60  A clinician 
needs to be able to efficiently and accurately determine working length.  Within the constraints 
of this study, the Apex ID overall outperformed the other EAL in accuracy, lack of 
overextensions, and is an economical choice. 
 
 
 
 
 
 
 
Device Company Mechanism Cost 
Apex ID Kerr Dental Co. Multi-frequency impedance method  $817.55 
Endo-Eze 
Find 
Ultradent Products Inc. Multi-frequency dependent impedance  $899.95  
Foramatron Parkell Inc. High and low frequency bands  $615.00  
ProMARK Dentsply Multi-frequency impedance method  $997.35 
Root ZX II J. Morita Multi-frequency impedance method  $949.49  
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Chapter 5 
 
 
Conclusion  
 
The Apex ID and Root ZX II were more accurate in their location of the major foramen.  
All five EALs performed within the same level of consistency in their estimation of an apical 
constriction.  The Apex ID estimation of the apical constriction resulted in no overextensions of 
the file tip beyond the major foramen.  
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Appendix 
Difference (mm) between the control length and the PL per EAL device 
Tooth Root ZX Apex ID ProMARK 
Endo-Eze 
FIND 
Foramatron 
1 -0.41 -0.31 -0.65 -0.38 -0.23 
2 -0.43 -0.05 -0.51 -0.67 -0.38 
3 -0.17 0.12 -0.33 -0.42 0.51 
4 -0.08 -0.2 -0.8 -0.48 -0.47 
5 -0.17 -0.07 -0.37 -0.35 -0.38 
6 -0.21 0.6 -0.16 -0.28 -0.14 
7 0.15 -0.06 -0.08 -0.57 -0.41 
8 -0.15 0.1 -0.32 -0.21 -0.74 
9 -0.14 -0.22 -0.86 -0.73 -0.35 
10 -0.31 0.07 -0.3 0 -0.7 
11 -0.31 -0.1 -0.26 -0.17 -0.81 
12 -0.06 0.31 0.09 0.05 0.19 
13 -0.32 -0.14 0.32 0.01 0.1 
14 0.3 0.18 -0.03 0.12 -0.44 
15 -0.59 -0.13 -0.14 -0.5 -0.3 
16 0.17 0.08 -0.56 -0.13 -0.47 
17 0.24 -0.2 -0.34 -0.07 -0.11 
18 0.39 -0.06 0.02 -0.06 0.11 
19 -0.49 -0.67 -0.65 -0.5 -0.54 
20 -0.42 0.19 -0.25 -0.33 -0.46 
21 -0.26 -0.62 -0.39 -0.01 0.6 
22 -0.48 -0.07 0.02 0 0.05 
23 0.63 -0.15 0.25 -0.3 0.22 
24 0.26 0.12 0.17 0.22 -0.22 
25 0.35 0.18 0.42 0.12 -0.03 
26 0.22 0.19 0.42 0.23 0.36 
27 -0.44 -0.58 -0.26 -0.18 -0.64 
28 0.33 0.03 0.01 -0.08 -0.45 
29 0.04 0.41 0.18 0.04 -0.05 
30 0.39 0.21 -0.16 -0.09 -0.41 
31 0.42 0.73 0.4 0.68 0.81 
32 -0.31 0.33 -0.73 -0.62 3.88 
33 -0.19 -0.41 -0.64 -0.48 -0.2 
  40 
34 -0.46 -0.17 -0.51 -0.49 -0.4 
35 0.16 -0.3 -0.23 -0.35 -0.45 
36 -0.33 0.41 -0.08 0.17 -0.01 
37 -0.65 -0.46 -0.67 -0.64 -0.31 
38 -0.06 0.12 -0.36 0.08 -0.21 
39 0.1 0.05 0.22 0.2 -0.11 
40 -0.59 -0.28 -0.39 -0.29 -0.41 
41 0.25 0 0.36 0.08 0.13 
42 0.14 -0.45 0.15 0.2 -0.29 
43 -0.07 0.02 -0.32 -0.54 -0.43 
44 0.31 0 -0.33 -0.84 -0.29 
45 0.1 0.15 -0.21 0.05 -0.43 
46 -0.03 -0.12 -0.06 -0.37 -0.53 
47 0.36 -0.07 -0.69 -0.58 -0.7 
48 0.19 0.24 -0.16 0.08 -0.12 
49 0.04 -0.04 -0.09 0.05 -0.26 
50 -0.12 -0.07 -0.25 -0.7 0.05 
 
 
 
 
Measurement (mm) from AC indicator to MF  
Tooth EAL mm to MF 
51 1 -0.48 
52 1 -0.26 
53 1 -0.08 
54 1 -0.62 
55 1 -2.01 
56 1 -0.61 
57 1 -0.88 
58 1 -0.45 
59 1 0.48 
60 1 -1.21 
61 2 -0.3 
62 2 -0.01 
63 2 -0.01 
  41 
EAL Group 
Group 1: Root ZX II 
Group 2: Apex ID 
Group 3: ProMARK 
Group 4: Endo-Eze FIND 
Group 5: Foramatron 
 
64 2 -4.35 
65 2 -0.41 
66 2 -0.23 
67 2 -0.23 
68 2 -0.16 
69 2 -0.36 
70 2 -0.34 
71 3 0.37 
72 3 -0.28 
73 3 -0.23 
74 3 0.27 
75 3 -0.47 
76 3 -0.39 
77 3 0.22 
78 3 0 
79 3 -0.92 
80 3 0.25 
81 4 0.48 
82 4 -0.51 
83 4 0 
84 4 -1.06 
85 4 -0.16 
86 4 -0.63 
87 4 -0.53 
88 4 -0.71 
89 4 0.33 
90 4 -2.81 
91 5 0 
92 5 -0.65 
93 5 -0.18 
94 5 0.16 
95 5 -0.27 
96 5 -0.91 
97 5 -0.81 
98 5 -0.38 
99 5 -0.65 
100 5 -1.12 
